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(54) Aluminium plate oil cooler 

(57) The aluminum plate oil cooler (2) includes a plu- 
rality of pairs of plates (5) that are secured along their 
perimeter to (1 0) define an oil flow path (30). The plates 
(5) include embossed regions (35) that are formed to 
provide inlet (37) and outlet ports (39) for the oil. Top 
(20) and bottom (25) reinforcement plates are posi- 
tioned at the top (27) and bottom (29) of the plurality of 
pairs of plates (5). An internal center (40) is positioned 
between the plates (5) to increase the heat transfer area 
and turbulate the oil within the oil cooler (2). An external 
center (15) is positioned between each of the plurality 
of pairs (5) to increase the thermal transfer area on the 
coolant side of the oil cooler (2) . The external center (15) 
covers the entire surface of the plates (5) and includes 
holes (21) formed to correspond with the embossed re- 
gions on the plates, 




FIG. 2 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 231 447 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] This invention generally relates to aluminum 
plate oil coolers. With more particularity, the invention 
relates to aluminum plate oil coolers having an internal 
and external center covering the entire surface of the 
plates forming the aluminum plate oil cooler. "Center" 
refers to the individual finned surfaces in contact with 
the oil cooler plates. The centers can be positioned in- 
ternally (oil side) or externally (water or coolant side ) of 
the oil cooler. 

[0002] Plate oil coolers are used to cool transmission 
or engine oil utilized in cars and trucks. The oil coolers 
are placed in the vehicle radiator inlet or outlet coolant 
tanks to provide a means for exchanging the heat from 
the oil to the coolant. Plate oil coolers are produced uti- 
lizing a variety of metals. Construction materials include 
cupre-nickel and stainless steel plates with steel fin or 
center surfaces braced between the plates. The fin sur- 
faces turbulate or mix the oil and improve the surface 
area available for heat transfer from the oil to the cool- 
ant. 

[0003] I n an effort to reduce the costs associated with 
the production of automobiles as well as improve the 
mileage performance of automobiles, alternative mate- 
rials such as aluminum have been considered for use 
in plate oil cooler designs. The aluminum oil coolers 
have advantages over conventional materials, such as 
a substantial weight savings due to the lower density of 
aluminum, as compared to the higher density stainless 
steel construction materials. Aluminum also has a high- 
er thermal conductivity as compared to some of the 
common construction materials; thereby, allowing addi- 
tional cost and weight savings by eliminating the need 
for one or more plates from a conventional design. 
[0004] One drawback of utilizing aluminum as a con- 
struction material is the lower yield strength as com- 
pared to other construction materials such as stainless 
steel. Because of the high pressure, usually from 50 to 
150 PS I, that an oil cooler must contain under typical 
operating conditions and the subsequent burst require- 
ments of up to 500 psi, special design considerations 
must be utilized for aluminum plate coolers. 
[0005] Accordingly, it is an object of the present inven- 
tion to provide an aluminum plate oil cooler that has an 
increased burst strength and pressure cycle life. It is al- 
so an object of the present invention to provide an alu- 
minum plate oil cooler that may be manufactured with 
an increased strength and resistance to leaks by a braz- 
ing operation. 

SUMMARY OF THE INVENTION 

[0006] There is provided, an aluminum plate oil cooler 
which cures those deficiencies outlined above and pro- 
vides an oil cooler having excellent durability, increased 



strength and is easier to manufacture. The aluminum 
plate oil cooler of the present invention includes a plu- 
rality of pairs of plates that are secured along their pe- 
rimeter to define an oil flow path. The plates include em- 

5 bossed regions that are formed to provide inlet and out- 
let ports for the oil. Top and bottom reinforcement plates 
are positioned at the top and bottom of the plurality of 
pairs of plates. An internal center is positioned between 
the plates to increase the heat transfer area and turbu- 

io late the oil within the oil cooler. An external center is po- 
sitioned between each of the plurality of pairs to in- 
crease the thermal transfer area on the coolant side of 
the oil cooler. The external center is a corrugated alu- 
minum sheet having fins formed on the sheet such that 

15 the flow of the coolant is perpendicular to the flow of the 
oil. The external center covers the entire surface of the 
plates and includes holes formed to correspond with the 
embossed regions on the plates. This design provides 
a uniform internal load on the plates to insure a quality 
20 bond between the internal center and plates during a 
brazing operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0007] The various advantages of the present inven- 
tion will become apparent to one skilled in the art by 
reading the following specification and claims, and by 
referencing the following drawings in which: 



Figure 1 is a perspective view of the oil cooler. 
Figure 2 is an exploded perspective view of the oil 
cooler. 

Figure 2Ais an enlargement of a portion of Figure 2. 
Figure 3 is a plan view of a plate and internal center. 
Figure 4 is a sectional view showing the plates se- 
cured along their perimeter. 

Figure 5 is an enlarged view showing the brace 
points formed by the plate seams. 
Figure 6 is a plan view of a top reinforcement having 
a flow diverter. 

Figure 7 is a sectional view of the top reinforcement 
having a flow diverter. 

Figure 8 is a plan view of the bottom reinforcement 
plate of the oil cooler. 

Figure 9 is a sectional environmental view of the oil 
cooler with a bottom reinforcement including a baf- 
fle. 



DETAILED DESCRIPTION OF THE PREFERRED 
50 EMBODIMENT 

[0008] With reference to Figures 1 and 2, there is 
shown the aluminum plate oil cooler 2 of the present in- 
vention. The aluminum plate oil cooler 2 includes a plu- 
55 rality of pairs of plates 5 that are secured together 
around their perimeter 10. The plurality of pairs of plates 
5 are separated from each other by an external center 
15. There is also included, a top and bottom reinforce- 
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ment 20 and 25 respectively, positioned on the top 27 
and bottom 28 of the plurality of pairs of plates 5. 
[0009] With reference to Figure 2, the plurality of pairs 
of plates 5 are secured along their perimeter 10 such 
that the plates 5 are spaced from each other to define 
an oil flow path 30. The plates 5 include embossed re- 
gions 35 formed on opposite ends of the plates for pro- 
viding inlet and outlet ports, 37 and 39 respectively, for 
the oil to enter the oil flow path 30. 
[001 0] An internal center40 is positioned between the 
plates 5 and within the oil flow path 30 for transferring 
the heat from the oil within the oil flow path 30 to the 
plates 5. The internal center 40 increases the heat trans- 
fer by providing additional surface area for contact with 
the oil. The internal center 40 comprises a corrugated 
or folded sheet of metal forming generally planer fins 41 
in side-by-side relationship enjoined by bends 42. Each 
of the fins 41 has a set of louvers 43 extending over most 
of the fin area. The fins 41 extend transverse to the di- 
rection of oil flow such that the oil must flow through the 
louvers 43 of each fin to pass from the inlet 37 to the 
outlet 39, The description of the type of internal center 
utilized by the present invention is similar in design to 
that disclosed in U.S. Patent No. 4,945,981 which is 
herein incorporated by reference. As stated previously, 
the design is similar but there are several differences 
which will be discussed further below. 
[0011] As opposed to the internal centers disclosed 
in U.S. Patent No. 4,945,981 , the internal center 40 of 
the present invention extends along the entire surface 
of the plates 5 for providing increased strength to the 
aluminum plate oil cooler 2. The embossments 35 are 
sized and configured such that the interior center 40 ex- 
tends around the embossment 35 inside the plate 5. 
Such an arrangement, has been demonstrated to in- 
crease the burst strength of the aluminum plate oil cool- 
er by an additional 200 to 300 PSI. 
[0012] The internal center 40 and plates 5 are sized 
such that the internal center 40, when placed in the oil 
flow path 30, has a clearance with the plates 5 that does 
not exceed .030 of an inch to eliminate oil bypass 
around the internal center 40. Maintaining such a clear- 
ance between the internal center 40 and the plates 5 
increases the effectiveness of the internal center 40 by 
eliminating bypass around the center 40 which could re- 
duce the thermal effectiveness of the oil cooler. 
[0013] As stated above, the plates 5 are secured to- 
gether along their perimeter 1 0 and encapsulate the in- 
ternal center 40. The plates 5 are clinched together to 
form a continuous male/female flange 50 which elimi- 
nates the possibility of seam leakage when clinched. 
The plates 5 have a brazing clad placed on both sides 
of the plate to permanently attach the internal center 
within the plate, as well as to securely seal the continu- 
ous male/female flange 50. With reference to Figure 5, 
it can be seen that the continuous male/female flange 
50 provides three points 51, 52, 53 in which a brazed 
seal may be formed in a brazing operation. Such an ori- 



entation, minimizes the possibility of a leak. 
[0014] With reference to Figures 1 and 2, an external 
center15 is positioned between each of the plurality of 
pairs of plates 5 for increasing the heat transfer area 

5 from the plates 5 to a coolant. The external center 15 
comprises a corrugated aluminum sheet that has a plu- 
rality of fins 17 formed thereon. The fins 17 comprise 
first and second planer surfaces 18, 19 that are joined 
by a bend 1 6. The fins 1 7 are formed such that the flow 

10 of coolant is perpendicularto the flow of oil in the internal 
oil flow path 30. As can be seen in Figures 1 and 2, the 
external center 1 5 covers the entire surface of the plates 
5. This orientation provides a uniform internal load on 
the plates 5 during a brazing operation. The external 

15 load is provided by a brazing fixture and/or banding 
wires utilized during a brazing operation. The uniform 
internal load insures that a perfect bond between the 
interior center 40 and the plates 5 is created. The exter- 
nal center 1 5 includes holes 2 1 formed therein to corre- 

20 spond with the embossments 35. The holes 21 allowthe 
external center 1 5 to completely surround the emboss- 
ments 35 providing additional support to the region 
around the embossments 35. 

[0015] Again, with reference to Figures 1 and 2, the 

25 aluminum plate oil cooler 2 of the present invention in- 
cludes top and bottom reinforcements 20 and 25, re- 
spectively. The top and bottom reinforcements 20 and 
25 are unclad, as opposed to the plates 5 to prevent the 
oil cooler 2 from brazing to a braze fixture during the 

30 brazing operation. The top reinforcement 20 may be 
made of any material which can braze to aluminum and 
exhibits the necessary structural properties to make a 
reinforcement. Because of the propensity of aluminum 
to erode or corrode under high fluid velocity conditions, 

35 it is advantageous to utilize a material for the reinforce- 
ment which demonstrates a high resistance to corrosion 
and/or erosion. The top reinforcement may be subjected 
to high fluid velocity conditions where the oil cooler is 
mounted such that it straddles a radiator inlet or outlet. 

40 Therefore, it is preferred that the top reinforcement com- 
prise the 300 series of stainless steel, which is capable 
of brazing to aluminum, and demonstrates a high level 
of corrosion and erosion resistance. 
[0016] In an alternative embodiment, the top rein- 

45 forcement may include an extended flow diverter 60 that 
may further prevent failures from occurring by directing 
high velocity fluids away from the aluminum compo- 
nents of the aluminum plate oil cooler 2. With reference 
to Figures 7 , it can be seen that the flow diverter 60 

50 comprises an extension of the top reinforcement that ex- 
tends outboard of the plates 5; thereby protecting them 
from corrosion or erosion from high velocity fluids from 
a radiator inlet or outlet. 

[0017] For situations where the aluminum plate oil 
55 cooler 2 has a plate stack height, meaning the number 
of plates that is only a small percentage of the radiator 
tank's width, the coolant has an opportunity to bypass 
the oil cooler 2. In such a situation, the bottom reinforce- 
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ment25can include a baffle 67. With reference to Figure 
8, there is shown a sectional view of an oil cooler 2 within 
a radiator tank that includes a baffle 67. The baffle 67 4. 
comprises an angled plate 69 that is formed at an angle 
of approximately 90 degrees to the bottom reinforce- 5 
ment 25 to direct the flow of coolant between the pairs 
of plates 5 of the aluminum plate oil cooler 2. 
[0018] While preferred embodiments are disclosed, a 
worker in this art would understand that various modifi- 5. 
cations would come within the scope of the invention. 10 
Thus, the following claims should be studied to deter- 
mine the true scope and content of this invention. 



Claims 15 6. 

1 . A plate oil cooler (2) comprising 

7. 

a plurality of pairs of plates (5) secured together 
along their perimeter (10), said plates (5) 20 
spaced from each other, thereby defining an oil 
flow path (30), said plates (5) including em- 8. 
bossed regions (35) formed thereon for provid- 
ing inlet (37) and outlet (39) ports for oil, 
top (20) and bottom (25) reinforcement plates 25 
positioned on atop (27) and bottom (28) of said 
plurality of pairs of plates (5); and 
an internal center (40) positioned between said 9. 
plates (5) in thermal contact with said plates (5) 
and within said oil flow path (30) for transferring 30 
heat from the oil within the oil flow path (30) to 
said plates (5); 

an external center (15) positioned between 
each of said plurality of pairs (5) and in thermal 
contact with said plates(5) for increasing the 35 
heat transfer from said plates (5) to a coolant; 
said external center (1 5) comprising a corrugat- 
ed aluminum sheet having a plurality of fins (1 7) 
having first (18) and second (19) planar surfac- 
es joined by a bend (16), said fins (17) formed *o 
thereon such that the flow of coolant is perpen- 
dicular to the flow of oil; 

said external center (15) covering the entire 
surface of said plates (5) and including holes 
(21 ) formed therein to correspond with said em- 45 
bossed regions (35) for providing a uniform in- 
ternal load on said plates (5) to ensure a bond 
between said internal center (15) and said 
plates during a brazing operation. 

50 

2. The plate oil cooler (2) of Claim 1 , wherein the ex- 
ternal center (15) extends along the entire surface 
of said plates (5) for providing increased strength to 
the aluminum plate oil cooler (2). 

55 

3. The plate oil cooler (2) of Claim 1 , wherein a clear- 
ance between said internal center (40) and said 
plates (5) is less than .030 inches for eliminating oil 



bypass around said internal center (50). 

The plate oil cooler (2) of Claim 1, wherein said 
plates (5) are secured together along their perime- 
ter (10) such that there are 3 points (51,52,53) 
where a braze joint may be formed in a brazing op- 
eration. 

The plate oil cooler (2) of Claim 1 , wherein said top 
(20) and bottom (25) reinforcement plates are un- 
clad for preventing a braze fixture brazing to said 
top (20) and bottom (25) reinforcement plates dur- 
ing a brazing operation. 

The plate oil cooler (2) of Claim 1 , wherein said top 
reinforcement plate (20) comprises stainless steel. 

The plate oil cooler (2) of Claim 1 , wherein said top 
reinforcement plate (20) comprises 300 series 
stainless steel. 

The plate oil cooler (2) of Claim 1 , wherein said top 
reinforcement plate (20) further includes an extend- 
ed flow director portion (60) formed thereon for pre- 
venting failures of said oil cooler (2) when said oil 
cooler (2) straddles a radiator outlet. 

The plate oil cooler of Claim 1 , wherein said bottom 
(25) reinforcement plate further includes a baffle 
(67) formed thereon for directing the flow of a cool- 
ant. 
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